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ABSTRACT 
An a i r -core superconducting solenoid,  with a diameter of 0.2 m 
and a length of 0.4 m, has been configured for  use as a heavy-ion 
react ion-product spectrometer (E/A < 5 MeV/u) near e = 0 ~ (I0 to 35 
msr). The performance of the spectrometer was establ ished using 
a -pa r t i c l e  sources and nuclear- react ion products from (180, 18Ne), 
(~80, ZONe) and (180, 140) and masses determined for 3OMg, lOSRu and 
s176 A system su i tab le  for production of radioact ive beams has been 
constructed, and in-beam tests  are in progress at the Univers i ty  of 
Notre Dame. Large a i r -core  solenoids with d~ > 20 msr and capable of 
focusing ions with E/A ~ 30 MeV/u appear feas ib le .  
The ideal magnetic spectrometer for  study of heavy-ion react ions 
would i )  operate near 0 ~ (0 ~ to 30~ i i )  focus heavy ions up to 50 or 
i00 MeV/u; i i i )  have a very large so l id  angle (> 20 msr); iv )  have 
var iab le  energy dispersion and magni f icat ion;  v) have both long and 
short  TOF f l i g h t  path capab i l i t y ;  v i )  u t i l i z e  h igh- reso lu t ion  
so l i d - s ta te  [AE, t ,  E, xy] detectors at the focal plane; and v i i )  have 
simple opt ics .  A device which can sa t i s f y  most of these needs as a 
nuclear reaction product co l l ec to r  and f i l t e r  is  the superconducting- 
solenoid spectrometer. l ,  2 A solenoid,  when al igned at e ~ 0 ~ acts as 
a large-aper ture,  broad-range lens (d~ > 20 msr) with nearly 
isochronous, var iab le f l i g h t  paths (2 m < ~ < 8 m). 
A 0.2 m bore, 0.4 m long, 3.5 T a i r -core  superconducting solenoid 
magnet has been configured as an ion spectrometer as shown in Fig. I ,  
wi th the charac te r i s t i cs  given in Fig. 2. Recent in-beam tests  at 
ANL-ATLAS nave u t i l i z e d  a (AE - t )  (E - xy) so l i d - s ta te  telescope 
cons is t ing of a large area (450 mm~), p lanar,  28 ~m th ick  s i l i c o n  
detector for  AE and t iming backed by a special 25 x 25 mm 2 
two-dimensional pos i t i on -sens i t i ve  s i l i con  sur face-bar r ie r  E detector 
200 um th i ck .  This pos i t i on -sens i t i ve  detector was developed at LBL 3 
and u t i l i z e s  a res i s t i ve  anode for xy pos i t ion readout. I t  has a 
pos i t ion reso lu t ion  of < 0.2 mm and 90 to 140 keV energy reso lu t ion 
for  8.78 MeV alpha pa r t i c l es .  Posi t ion (xy) and E - TOF spectra, the 
l a t t e r  gated via xy to l i m i t  the Bp range, are displayed in Figs. 3 
9 American Institute of Physics 1988 
846 
and 4. 
The mass resolution of the spectrometer is limited by the 
non-isochronism versus 0, the kinematic sh i f t  versus 8, and the timing 
resolution of the accelerator and the detector. Like a dipole 
spectrometer, one can correct for kinematic shi f ts in energy (Fig. 5). 
With At = 0.6 ns typical of the si l icon-detector system, one has 
AM/M ~ 1/50 for a 2 m f l i gh t  path. 
Energy spectra for 26Mg(180,2~ and 26Mg(~BO,140)30Mg are 
shown in Fig. 6 and 7. The energy accuracy (• keV) and resolution, 
typ ica l ly  ~1MeV FWHM, were limited primarily by properties of the ac- 
celerator beam and somewhat by the sol id-state telescope. Spectra for 
li0pd(180,~gF)l~ and ll~176176 were also ohtained, the 
la t te r  being one of the f i r s t  direct observations of 108Ru and estab- 
l ishing a mass for this neutron-rich nuclei. The mass excesses obtai- 
ned are AM (3~ = -10.32 • 0.16 MeV, AM (l~ = -83.95 • 0.15 MeV 
and AM (l~ =-84.24 • 0.15. While these values are not part i -  
cular ly accurate, they were obtained during re lat ively short runs 
(1-2 hours) and i l l us t ra te  the potential of this type of magnet for 
mass measurements. 
A solenoid similar to the one used at ANL has been set up at the 
University of Notre Dame Tandem Van de Graaff f a c i l i t y  to produce and 
focus secondary, radioactive beams at the focal plane. This 
spectrometer wi l l  be run in an asymmetric mode, with ZtQ t ~ 50 cm and 
dR ~ 100 msr (Fig. 2). With a production cross section~6f - 10 mb/sr 
and dR ~ 100 msr we expect a 8Li production rate of 105 to 106 
ions/sec at the secondary focus. Preliminary tests are in progress. 
The exist ing magnet is l imited to E/A < 6 MeV/u. We propose 
construction of a large-bore, h igh-f ie ld,  air-core superconducting 
solenoid with a 0.4 m bore, ca. 1 m long, and B ) 5 T. Our design work 
indicates that such a magnet would be a very cost-effective system 
capable of focusing ions up to E/A = 50 MeV/u with solid angles of 
d~ = 20 to 800 msr. Alternately, one could use the magnet with i ts  
large bore as a very-long-f l ight-path TOF spectrometer for high-mass 
ions, e.g. fusion products. The very large solid angle possible with 
a 0.4 m bore magnet makes this magnet well suited as a secondary and 
radioactive beam col lector. This work has been supported by NSF,DoE 
grants PHY-B3-08072, PHY-86-05907, and W-31-109-ENG-38. 
REFERENCES 
i j .  p. Schapira, S. Gales, and H. Laurent, Orsay Report IPNO-PhN-7921 
(1979); J. P Schapira, et a l . ,  Nucl. Inst. Meth. 224, 337 (1984); S. 
Gales, et a l . ,  Phys. Rev. Lett. 5_~3, 759 (1984). 
2R. L. Stern, et al. Proc. Conf. on Instrumentation for Heavy-lon 
Nuclear R e s e a r ~ , ~ .  D. Schapira (ORNL Publ. Conf.-841005 -Absts., 
1984), p. 95; R. L. Stern, et a l . ,  Rev. Sci. Instr.  58, 1682 (1987). 
R. L. Stern, Ph.D. thesis (University of Michigan, 1~7) unpublished. 
3j. Walton, LBL detector group 
847 
Fig. i .  Schematic diagram of the University of Michigan 0.2 m bore 
superconducting solenoid spectrometer. 
Fig. 2. Calculated sol id angle vs. 
image and object distance and E/A 
for asymmetric configurations of 
the spectrometer. The energies 
are for non - re la t i v i s t i c  ions 
with q = Z = A/2. 
Fig. 3. Images of 2~Ne ions 
t80 + ~1~ The ~INe ions are 
gated by windows 1 MeV wide in 
energy: a) E = Efo c - 3.5 MeV; 
b) E = Efo c. 
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Fig. 4. An ion iden t i f i ca t ion  
spectrum for 99.2 MeV 180 + 26Mg 
obtained with the s i l i con  so l id-  
state detector telescope. 
Fig. 5. Etot vs r for 
26Mg(tSO,20Ne)24Ne at 
Ebeam = 99.2 MeV before (top) 
and af ter  (bottom) kinematic 
correct ions.  
Fig. 6. Energy spectrum for 
26Mg(IBO,Z0Ne)24Ne 
at Ebeam = 99.2 ~leV. 
Fig. 7. Energy spectrum for 
26Mg(180,140)30 Mg 
at Ebeam = 99.2 MeV. 
